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ABSTRACT

Research investigated Disposal of waste containing heavy metals (Fe, Mn,
Cu, Zn, Cr) can causes serious environmental and ecological problems. A
large number of wastes can be disposed of by landfilling. Sludge was solidi-
fied using OPC, lime and back cotton soil. Concentrations of the metalsin
theleachate of cube having optimum cement, solid waste combination after
1, 7, 15 days curing are also shown. Compressive strength measurements
could be used to determine the performance of the S/S process for this
sludge. Compressive strengths of molds show that the higher the sludge/
cement ratio, thelower the compressive strength. 50-75% of sludge replace-
ment gives adequate strength for the landfill disposal. The effectiveness of
solidification and stabilization again on 15 day leaching test S3, S4 & M3
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M4 are the combinations with effective S/Sin comparisons to others.
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INTRODUCTION

Solidification/gtabilization (§/S) isatrestment tech-
nology used to reducethe hazard characters of hazard-
ouswasteby converting thecontaminantsinto their least
soluble, mobileor toxicformwith theaddition of abind-
ingmaterid . /S process hasbecomewidely used tech-
nology asthetreatment of industrial hazardouswaste
before disposa®8. §/Simproveswaste handling and
physical characteristics, minimizesthe surface area
acrosswhich pollutants can transfer or leach, or limit
the solubility!2.

Stabilizatiorv/solidification refersto reducing thehaz-

ardoushbehavior, generatingamonolithic solid of awaste
by means of chemical reactionsand high structural in-
tegrity (§/S). When a specific wasteis stabilized by
meansof aspecific binding matrix, astudy isnecessary
to assessits potential to be used asbuilding materias
and therefore the reuse of the waste instead of safe
disposal®.

Portland cement, sometimesonitsown or incom-
bination with other treatment agents, isapopular §/S
treatment agent duetoitslow cost, applicability toa
widevariety of waste productsand itsrel ative ease of
implementation. Performanceof §Ssystemsisassessed
traditionally usngthree parameters.
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Figure3: Leachingvariation in sampleswith pH (Batch )

Mainobjectivesof thisstudy wereimplementingthe
S/Stechnology on picklingdudgeand investigating com-
patibility with disposal and reuse. Stabilization of haz-
ardous characteristics of the dudgewaslearned from
leaching tests (NEN 7345) after each S/S process.

Sludge/cement ratios and performance of the S/S
were determined according to compressive strength of
thesolidified materiad sto propose management dterna-
tivesfor thewadte. It was observed that hazardous com-
poundsinthehazardousdudgewerestabilized by S/S.

Landfilling

Now adaysalarge quantity of wastesaredisposed
a specificland steswhich areregul ated by the USEPA
or stateregulatory agencies, placethat are designated
for the burial of hazardous wastes are called secure
landfills. Theguiddinesfor landfill arequitetiff. The
sitemust belocated higher than 100 yearsflood plan
and away from thefault zonesimpermesblelinesmust
be pumped out and treated. Monitoringwellsarere-
quired to check the quality of ground watersin that
area. A large number of wastes can be disposed of by
landfilling.
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Figure2: pH variation in samplesin days(Batch 1)
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Figure4: Leachingvariationin sampleswith pH (Batch 11)
Wastematerial

During experimental studies, §/Stechnology was
applied on dudge, which was originated from apick-
lingindustry. Themetal sof concernwereiron, and man-
ganese because both metal sare present in high amount
inpicklingsludge. Sludge was solidified using OPC,
limeand black cotton soil. For thestabilization of heavy
metals, Portland cement and lime used as binding agent

mixed with wastein different ratio. The character-
isticsof thewastearegiveninthe TABLE 12, Most
of heavy metals stabilized in thecement matrix. Phys-
cochemical characteristicsof raw sludgearegivenin
TABLE 1. In order to measured the total amount of
metal and amount of solublemetals, atomic absorption
spectrophotometer (AAS) was used.

METHODAND MATERIAL

Theresearch work carried out intwo stages. The
first stageisthe preparation of themold with Sudgein
different ratio and curing. The second stageisthede-
termination of theleaching characteristics of the solidi-
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TABLE 1: Physicochemical characteristicsof raw dudge
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TABLE 2: Waste/Binder ratioin percentage(Batch 1)

S.No. Parameters Value
1 pH 7.3
2 TDS (mg/l) 24
3 Dry density (gm/cm®) % 1.1
4 Specific gravity % 1.2
5 Porosity % 28
6 Water holding capacity % 32
7 Moisture content (dry basis) % 8

Heavy Metal (mg/gm)
Fe 530
Cu 4
10 Mn 72
11 Zn 10
12 Cr 0.1

fied/stabilized samples. Fe & Mn was below detect-
ablelimitincement, lime, and black cotton soil. Size of
themold s 14x6x4cm. Totd weight of moldismain-
tained at 1 kg. Themoldswerekept in ambient condi-
tionfor oneday curing. Sludge/binder ratio presentsin
TABLE 2, 3. Strength test were performed with the
help of universd testing machine (UTM).

Curingdays

Curing period depends on such conditionsastem-
perature, cement type, mix proportions, and so forth.
Bridge decksand other dabs exposed to weather and
chemical attack usually requirelonger curing periods.
Concentrations of the metal sin theleachate of mold
having optimum cement, solid waste combination after
1,7, 15 days curing are al so shown. Black cotton soil
mixed sampleswas soiled during the curing period of 7
days. 7 dayswet curingwasfoundtovirtudly diminate
the adverse effect of steam curing on mold strengtht®.
15 dayscuringisa so sufficient for stabilization of heavy
metal s present in the waste. With dludge replacement
above 75%, samplesfail to meet theadequate strength
of 15dayscuring age.

L eaching Test

Theeffectivenessof S/Sintermsof thereduction
of contaminant mobility isevaluated through leaching
tests NEN 7345, Concentrations of various heavy
metalsinitially present in the hazardous solid waste
TABLE 1. Lead solubility increase with pH®. Leach-

SNo. Sample Sludge Cement SE,r\AerI;g;h
1 S1 80% 20% 18
2. S2 75% 25% 25
3. S3 66% 34% 3.2
4. A 50% 50% 5.25
TABLE 3: Wagte/Binder ratioin percentage (Batch 1)
S.No. Sample Sludge Lime SEKAegg;h
1 M1 80% 20% 15
2 M2 75% 25% 21
3 M3 66% 34% 3
4 M4 50% 50% 45

ing of metals (manganese and zinc) decreaseswithin-
creaseinthe pH of TCLP extract upto pH 6, after that
itincreaseswithincreasein the pH™¥. pH increasesin
all batcheswithtime. All samplesreached to akaline
pH near about 12 (Figure 1,2,3,4). Therdease of highly
soluble species Na, K, Cl, the release of sparingly
soluble speciessuch asheavy metasislargely depen-
dent on theequilibrium activity asafunction of solution
pH™. Optimum pH for the stabilization of themetalsis
in between pH 8.5t0 10.2. Limedosing increasesthe
pH of thedudge generated from effluent trestment plant
(ETP). High pH hel psin the stabilization of heavy met-
as. Leaching of samples Decreaseswith theincreases
inpH (Figureb, 6, 7, 8). Theleaching of 15 dayscured
samples shows compl ete stabilization of ironand man-
ganeserather then other metals. Asthecuringtimewas
increased theleaching rate of heavy metalsfromthe
solidified matrix reduces®*,

RESULTSAND DISCUSSION

L eaching and strength of moldisconsidered for the
landfill disposal of thedudge. Thesamples S3, S4 and
M3, M4 canbeused for S/S purpose. Thesimilar re-
sultsare obtained when the cd culation aredonefor the
effectivenessof solidification and stabilization againon
15dayleachingtest S3, 4 & M3 M4 arethesamples
with effective S/Sin comparisonsto others (Figure 1,
2,3,4).

The S'Smasswerekept for theleaching purposes.
Theresults of manganeseleachingfor 1 day, 7 day, and
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15 day werefound below detectablelimit (BDL). On
the basisof above, Mnisfully stabilized. Thebest ob-
tained werewith the samples 4 & M4, which contain
20% by weight cement & by 20% lime. Inal the % of
binder increasesmobility of Feinthe massdecreases.
TheFeislessindl thecombination so thelowest com-
bi nations can be applied for the stabilization and solidi-
fication processin any of theabove.

CONCLUSIONS

Thisstudy demonstrated the stabilization of thehaz-
ardouscompoundsof the pickling sludgeby S/Stech-
nology and keepsto sol ve problems on the manage-
ment alternatives of these hazardouswastes. Thepar-
tial replacement of cement with pickling sludgewas
provedto beagpplicableinthisstudy. Neverthe ess, when
ash replacement percentageislarger than 75%, thereis
adramaticlossin UCSregardlessof curing age. Com-
position of sample S3, M3 proved optimum stabiliza-
tion.

Specificconclusonswere:

e Wasteindudgeformapicklingindustry was deter-
mined to be hazardouswaste according to the haz-
ard criteriaof the hazardouswaste.

e Compressvestrength measurementscould beused
to determine the performance of the /S process
for thissludge. In order to prepare molds, sludge
wasadded ingtead of cement. Compressivestrengths
of moldsshow that the higher thedudge/cement ra-
tio, thelower the compressive strength. It was as-
sumed that 90 days cured molds could be poten-
tidly used asfilling materials.

¢ \When theleaching concentrationswere examined
according to the sludge/cement ratios, sometimes
higher or lower concentrations than the expected
valueswereobserved. But these changescould be
neglected, Sncetheleachingleve sweremuch lesser
than the standards, and the particulate sizesin the
mold show differences. For thisreason, keeping the
particulate size constant in future studiesis of great
importance.
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